Summary. Two isoenzymes of oxytocinase activity were fractionated from human seminal plasma by acrylamide\p=n-\agarosegel chromatography and partly characterized using S-benzyl-L-cysteine-p-nitroanilide (BCN) and L-leucine-p-nitroanilide (LN) separately as substrates. These isoenzymes appeared to be metallo-aminopeptidases with different elution volumes (90 ml and 150 ml), apparent molecular weights (unknown value and 300 000) and pH optima (6\m=.\8and 7\m=.\0with BCN and 7\m=.\2and 7\ m=. \ 4 with LN), but with similar substrate affinity and thermal sensitivity, and susceptibility to EDTA, divalent metal ions, L-methionine, polypeptide hormones and prostaglandins. A comparison of the enzymic properties with pregnancy-associated oxytocinases suggests that seminal oxytocinases are related more closely to amniotic fluid isoenzymes than to pregnancy serum, placental and uterine isoenzymes.
Introduction
Oxytocinase (EC 3.4.11. 3), a pregnancy-specific -aminoacyl hydrolase, cleaves the pentapeptide ring of the octapeptide neurohypophysial oxytocic hormone, oxytocin between the amino-terminal cysteine and penultimate tyrosine, and hence is also called cystine aminopeptidase (Tuppy, 1961; Ryden, 1966) . The enzyme also has the ability to inactivate vasopressin and angiotensin II and so appears to have a broad specificity, hydrolysing aromatic neutral, basic and acidic N-terminal amino acids from the octapeptides (Tuppy, 1961;  Ryden, 1966; Sjoholm & Yman, 1967; Mizutani et ai, 1979) . It also splits the equivalent amide bonds in a number of synthetic peptides; the substrate behaviour of these peptides is similar to that of oxytocin (Tuppy, 1961;  Ryden, 1966; Floyd et ai, 1973; Tovey et ai, 1973; Small & Watkins, 1974 , 1975 Mizutani et ai, 1979 ). The activity of oxytocinase which appears in the maternal circulation soon after conception and then increases progressively with gestational age is believed to be involved in both maintenance and termination of human pregnancy (Roy & Karim, 1983; Roy et ai, 1985a Roy et ai, , b, 1986a Yeang, 1986) .
Although relatively little or no oxytocinase activity, compared with that in pregnant women, has been reported in the circulation of men (Tuppy, 1961; Mendez-Bauer et ai, 1961; Yeang, 1986) , extremely high oxytocinase activity has been detected in human seminal fluid by means of two synthetic peptides, S-benzyl-L-cysteine-p-nitroanilide (BCN) and L-leucine-/>nitroanilide (LN) as substrates (Roy et ai, 1987) . The high activity of semen oxytocinase which was many times greater than the reported values for serum oxytocinase activity at term pregnancy (Yeang, 1986) , led us to speculate that the enzyme in semen may in some way be intimately involved in the human reproductive processes (Roy et ai, 1987) .
We have now studied Chromatographie fractionation of seminal plasma and attempted to characterize the seminal oxytocinase activity. (mean, 32) attending the male fertility clinic at the National University Hospital. The samples were allowed to liquefy, pooled and then centrifuged at 600 g and 4°C for 10 min. The seminal plasma (1 ml) was diluted with 001 M-sodium/potassium phosphate buffer, pH 70 (4 ml) and then chromatographed on acrylamide-agarose Ultrogel AcA 22 according to the method described previously (Roy et al., 1984) . The fractions were assayed for oxytocinase activity using BCN and LN separately as substrates as indicated in Fig. 1 (Roy et al., 1987) .
Results

Gelfiltration
Ultrogel filtration profiles of the pooled seminal plasma in relation to oxytocinase activity and protein concentrations with (a) and without (b) 0-3% Triton X-100 are shown in Fig. 1 . Two hydrolytic peaks with elution volumes of 90 ml (Peak 1) and 150 ml (Peak 2) were found in the absence of Triton X-100. Using either substrate, Peak 1 was greater than Peak 2, but both activity peaks hydrolysed more LN than BCN. In the presence of 0-3% Triton X-100, only one hydrolytic peak with an elution volume of 150 ml was obtained. This may suggest that, unlike Peak 2 oxy¬ tocinase (SPII), the Peak 1 isoenzyme (SPI) was bound to cell particles or was in polymeric form. The semen isoenzymes were not significantly inhibited by 0-3% Triton X-100 using either substrate.
Enzyme characterization
The molecular weight of SPI could not be determined by gel permeation chromatography because it eluted in the void volume, but that of SPII was apparently 300 000. The respective pH optima for these seminal oxytocinases in 01 M-phosphate buffer were 6-8 and 70 using BCN, and 7-2 and 7-4 with LN as substrates. After heating at 60°C for 30 min, these seminal isoenzymes lost 48-1 + 2-2% (mean ± s.d.) and 46-7 + 2-8% activity respectively when BCN was the substrate, and 45-7 ± 31% and 38-8 ± 6-4% with LN as the substrate. Only EDTA and Cu2+ ions inhibited the seminal isoenzymes in a dose-related manner (Table 1) Tables 2 and 3 , respectively. The apparently pH-independent (P > 0-05) Km (with one exception) and Fmax values of the hydrolytic peaks were markedly greater with LN than BCN as substrate (P < 001), but there was no significant difference in these values between the isoenzymes using either substrate (P > 005). Prostaglandin (PG) E-l, E-2 and F-2a (LN) by the eluates (0-1 ml) in 1 ml incubates was assayed for 30 min at 37°C and pH 70 as described previously (Roy et ai, 1981) with the exception that the solution of the coupling agent, N-(l-naphthyl)-ethylene diammonium chloride (NED) required for colour development had 2% Triton X-100. Solid circles, solid triangles and solid rectangles represent BCN and LN hydrolysis and protein concentration (280 nm), respectively. (Roy, 1975) had no significant effect on semen oxytocinases at any pH (data not shown). L-Methionine exhibited competitive inhibition of the activity of semen oxytocinases indepen¬ dent of pH, substrate and isoenzyme; the Kt value was 690 + 85 µ . Seminal oxytocinases were also competitively inhibited by oxytocin, vasopressin and angiotensin II with no clear preference for a particular pH or isoenzyme. The effect of these peptide hormones was equipotent, and the K, values appeared to be 4-7 + 0-5 µ using BCN, and 26-2 ± 1-5 µ with LN as substrate.
Discussion
Both BCN and LN are relatively sensitive and specific substrates for oxytocinases (Tovey et ai, 1973; Small & Watkins, 1974 , 1975 Roy et ai, 1986b) . These synthetic peptides have been used in the characterization of multimolecular forms of oxytocinase activity in human pregnancy serum (Roy et ai, 1984) , placenta (Roy et ai, 1984) , uterus (Roy et ai, 1985b) and amniotic fluid (Roy et ai, 1985c) after fractionation by Ultrogel AcA 22 chromatography. In this study, using these substrates and gel chromatography, two molecular forms of oxytocinase activity, SPI and SPII, have been demonstrated in human seminal plasma. These findings confirm those in another study in which agarose and starch-gel electrophoresis was used (Kamarul et ai, 1988) : the seminal plasma produced two distinct bands of oxytocinase activity corresponding to SPI and SPII activity on the agarose and starch gels.
The seminal isoenzymes appeared to be metallo-aminopeptidases with different elution volumes, molecular weights and pH optima, and were sensitive to L-methionine and heat treat¬ ment. These properties of the seminal oxytocinases are similar to those of pregnancy-related oxytocinases (Roy et ai, 1984 (Roy et ai, , 1985b Yeang, 1986) . Furthermore, like pregnancy-related oxytocinases (Roy et ai, 1986b) , the seminal isoenzymes, as measured by the hydrolysis of the synthetic substrates (BCN and LN) , was strongly and competitively inhibited by the naturally occurring endogenous substrates, oxytocin, vasopressin and angiotensin II.
In contrast to pregnancy serum, placental and uterine oxytocinases (Roy et ai, 1984 (Roy et ai, , 1985b ), but similar to amniotic fluid isoenzymes (Roy et ai, 1985c) Compared to pregnancy oxytocinases including amniotic fluid isoenzymes (Roy et ai, 1981 (Roy et ai, , 1984 (Roy et ai, , 1985b seminal oxytocinases were significantly inhibited by PGE-1, PGE-2 and PGF-2a at pH6-2. However, unlike pregnancy oxytocinases (Roy et ai, 1984 (Roy et ai, , 1985b , the seminal isoenzymes were not inhibited by these PGs at pH 6-8. Human semen contains large amounts of PGs mostly of the E types which may influence sperm function. A correlation between fertility and the seminal content of PGs has been reported (Hawkins, 1968; Bygdeman et ai, 1970; Collier et ai, 1975) . Sperm density and sperm motility have also been suggested as being associated with concen¬ tration of certain seminal PGs (Kelly et ai, 1979; Bendvold et ai, 1984) . Prostaglandins, especially those of the E series, can exert direct effects on human sperm function; they can stimulate the linear velocity of sperm progress, frequency of sperm head rotation and capacity of the spermatozoa to penetrate into zona-free hamster ova (Aitken & Kelly, 1985) . Therefore, whether inhibition of seminal oxytocinases by PGs under acidic conditions (pH 6-2) has any physiological significance in fertility and sterility remains to be seen.
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